(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



II 



(id 



EP1 193 244 A2 



(12) 



EUROPEAN PATENT APPLICATION 





uaie oi puDiiuaiion. 


(51) IntCI. 7 : C07C 209/48 




uj.u^.aUUa Duiieiin zuuz/14 


(Zl) 


Application number: 01121881.5 






uaie ot Tiling, iz.u&.^uui 




(84) 


Designated Contracting States: 


• Otsuka, Susumu, c/o Mitsubishi Gas Chemical 




AT BE CH CY DE DK ES Fi FR GB GR IE IT LI LU 


Niigata-chi, Niigata (JP) 




MC NLPT SE TR 


• Kosuge, Fumisada, c/o Mitsubishi Gas Chemical 




Designated Extension States: 


Niigata-chi, Niigata (JP) 




AL LT LV MK RO SI 


• Shitara, Takuji, c/o Mitsubishi Gas Chemical 






Niigata-chi, Niigata (JP) 


(30) 


Priority: 25.09.2000 JP 2000290459 


• Amakawa, Kazuhiko, 






c/o Mitsubishi Gas Chemical 


(71) 


Applicant: MITSUBISHI GAS CHEMICAL 


Niigata-chi, Niigata (JP) 




COMPANY, INC. 






Chiyoda-ku, Tokyo (JP) 


(74) Representative: 






Gille Hrabal Struck Neidlein Prop Roos 


(72) 


Inventors: 


Patentanwalte 


• 


Nakamura, Kenichl, c/o Mitsubishi Gas Chemical 


Brucknerstrasse 20 




Niigata-chi, Niigata (JP) 


40593 Dusseldorf (DE) 



(54) Method for producing xylylenediamine 

(57) A method for producing xylylenediamine by hy- 
drogenating phthalonitrile synthesized through ammox- 
idation of xylene, wherein phthalonitrile is trapped in an 
organic solvent (A) by bringing a gas produced through 
ammoxidation into direct contact with the organic sol- 
vent (A), and hydrogenation including adding liquid am- 
monia to the resultant mixture is carried out without sep- 



aration of phthalonitrile trapped in the organic solvent 
(A). Through this method, the phthalonitrile can be read- 
ily recovered from the produced gas and at high yield 
without need for new equipment, and xylylenediamine 
can be efficiently produced through hydrogenation. Xy- 
lylenediamine of high purity can be obtained by subject- 
ing the produced xylylenediamine to extraction by use 
of an organic solvent (B) and water. 



Figure 1. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method for 
producing xylylenediamine by hydrogenating phthaloni- 
trile obtained through ammoxldation of xylene. 
[0002] Xylylenediamine is useful as a raw material of, 
for example, polyamide resins or epoxy curing agents, 
and as an intermediate material for producing isocy- 
anates. 

Background 

[0003] In a well-known method for producing phthalo- 
nitrile, xylene is reacted through ammoxidation with am- 
monia and molecular oxygen in the presence of a 
catalyst . For example, Japanese Patent Application 
Laid-Open (kokai) No. Heisei 11(1999)-209332 disclos- 
es a method for producing phthalonitrile through ammo- 
xidation by use of a catalyst containing a V-Cr-B-Mo ox- 
ide. The thus-produced phthalonitrile is hydrogenated 
in the presence of ammonia, to thereby produce xylylen- 
ediamine. 

[0004] A gas produced during production of phthalo- 
nitrile through ammoxidation of xylene contains phthalo- 
nitrile (i.e., a target product), ammonia, carbon dioxide 
gas, carbon monoxide, hydrogen cyanide, aromatic 
amide, aromatic carboxylic acid, air, and steam. There- 
fore, before the phthalonitrile is subjected to hydrogen- 
ation, it must be separated from the produced gas 
through trapping. 

[0005] In a proposed method for trapping and sepa- 
rating phthalonitrile from a gas produced through am- 
moxidation, the produced gas is introduced into a cool- 
ing apparatus having a large surface area; phthalonitrile 
is deposited and solidified on a cooling surface; and then 
phthalonitrile is collected after being melted. However, 
phthalonitrile is prone to undergo undesirable change 
(e.g., polymerization) at high temperature, and deterio- 
rates when melted and removed, resulting in lowering 
of the purity of a product. 

[0006] In a proposed method similar to the aforemen- 
tioned method, the produced gas is introduced into a 
cooling apparatus; phthalonitrile is deposited and solid- 
ified on a cooling surface; a solvent is added to the so- 
lidified phthalonitrile; and the resultant mixture is fed to 
a hydrogenation reactor (Kagaku Kogaku, Vol. 32, No. 
7, pp. 658-660 (1968)). However, in this method, 
phthalonitrile is prone to undergo change (e.g., polym- 
erization) on the cooling surface of the cooling appara- 
tus, to thereby generate a polymer which is insoluble in 
the added solvent, leading to maloperation of the appa- 
ratus due to accumulation of the polymer. 
[0007] In another proposed trapping method, a gas 
produced through ammoxidation and containing 



phthalonitrile is brought into direct contact with water, 
phthalonitrile crystals are trapped while being suspend- 
ed in the water, and phthalonitrile is separated from the 
suspension through solid-liquid separation (Process 

s Handbook, edited by The Japan Petroleum Institute 
(1978)). Through this method, phthalonitrile is satisfac- 
torily trapped. However, since the bulk specific gravity 
of phthalonitrile in the suspension is low, the slurry has 
a large volume. Therefore, separating solid and liquid 

10 from the aqueous slurry solution through filtration re- 
quires a very large filtration apparatus. In addition, the 
water content of crystals separated from the slurry so- 
lution is high, and thus a large amount of heat is neces- 
sary for drying the crystals. 

15 [0008] Since phthalonitrile is relatively easily reacted 
with water at high temperature, to therebyform an amide 
of high boiling point, long-term heating of phthalonitrile 
in the presence of water causes lowering of the purity 
of phthalonitrile. When water is used as a trapping sol- 

20 vent, hydrogen cyanide, which is a by-product, is 
brought into contact with water at high temperature. 
Through the thermal process, hydrogen cyanide is eas- 
ily transformed into, for example, formamide, ammoni- 
um formate, or a polymer. When such a substance is 

25 contained in wastewater, the substance causes an in- 
crease in TOD load and coloring of wastewater. 
[0009] In still another proposed method for trapping 
and separating phthalonitrile from a gas produced 
through ammoxidation, the gas is brought into contact 

30 with an organic solvent (Process Handbook, edited by 
The Japan Petroleum Institute (1976)). In this method, 
after a solution in which phthalonitrile is trapped is sub- 
jected to distillation to thereby recover a solvent, rectifi- 
cation is carried out so as to purify phthalonitrile. There- 

35 fore, a large amount of energy is required for purifica- 
tion, and a large amount of phthalonitrile is lost. " 
[0010] In the subsequent step, phthalonitrile pro- 
duced through ammoxidation is dissolved in ammonia 
or an organic solvent, and the resultant solution is sub- 

40 jected to hydrogenation. 

[0011] When phthalonitrile is obtained in the form of 
solid or melt, a dissolution bath or a mixing bath is re- 
quired for dissolving the phthalonitrile uniformly in a sol- 
vent prior to hydrogenation. 

45 [0012] As described above, the conventional tech- 
niques — in which phthalonitrile is separated, through 
trapping, from a gas produced through ammoxidation, 
and the phthalonitrile is subjected to hydrogenation — 
have drawbacks; for example, the purity of phthalonitrile 

50 js lowered due to generation of by-products during sep- 
aration of phthalonitrile from a gas produced through 
ammoxidation, waste or wastewater increases, and a 
large amount of energy is required. 
[0013] In recent years, demand has arisen for polya- 

55 mide resins or similar materials which are not easily 
colored, and therefore, xylylenediamine of higher purity 
is desired. 
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[0014] Thus, an object of the present invention is to 
provide a method for producing xylylenediamine by hy- 
drogenating phthalonitrile synthesized through ammox- 5 
idation of xylene, comprising recovering phthalonitrile, 
readily and at high yield, from a gas produced through 
ammoxidation, to thereby efficiently produce xylylene- 
diamine of high purity. 

[001 5] In view of the foregoing, the present inventors 
have performed extensive studies, and have found that, 
by bringing a gas produced through ammoxidation into 
direct contact with an organic solvent (A), phthalonitrile 
can be trapped in the organic solvent (A), and through 
hydrogenation including adding liquid ammonia to the 
resultant mixture without separation of phthalonitrile 
trapped in the organic solvent (A), the phthalonitrile can 
be readily recovered from the produced gas and at high 
yield without need for new equipment, and xylylenedi- 
amine can be efficiently produced through hydrogena- 
tion; and that, by subjecting the produced xylylenedi- 
amine to extraction by use of an organic solvent (B) and 
water, xylylenediamine of high purity can be obtained. 
The present invention has been accomplished on the 
basis of these findings. 

[0016] Accordingly, the present invention provides a 
method for producing xylylenediamine by hydrogenat- 
ing phthalonitrile synthesized through ammoxidation of 
xylene, which method comprises: 

(1) an ammoxidation step for producing phthaloni- 
trile by causing xylene to react in a vapor-solid cat- 
alytic manner with ammonia and an oxygen-con- 
taining gas, to thereby cause ammoxidation; 

(2) a trapping step for trapping phthalonitrile in an 
organic solvent (A) by bringing a gas produced 
through ammoxidation into direct contact with the 
organic solvent (A); and 

(3) a hydrogenation step for carrying out hydrogen- 
ation including adding liquid ammonia to phthaloni- 
trile without separating the phthalonitrile trapped in 
the organic solvent (A) . 

There is also provided a method for producing 
xylylenediamine according to the aforementioned 
method, which method further comprises: 

(4) a separation step for separating ammonia and 
the organic solvent (A) or ammonia from a hydro- 
genation product, to thereby obtain crude xylylene- 
diamine; 

(5) an extraction step for adding to the crude xy- 
lylenediamine water, or water and an organic sol- 
vent (B), to thereby separate the resultant mixture 
into an organic solvent phase and an aqueous 
phase; and 

(6) a recovery step for recovering xylylenediamine 
of high purity from the aqueous phase which has 
been separated through extraction. 



[0017] 

Fig. 1 is a flow chart showing an embodiment of the 
method for producing xylylenediamine of the 
present invention. In Fig. 1 , reference character A 
represents an ammoxidation step, B a trapping 
step, C a hydrogenation step, D a separation step, 
E an extraction step, and F a recovery step. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0018] In the present invention, xylene is used as a 
raw material. Particularly, m-xylene and p-xylene are 
preferably used. Isophthalonitrile and terephthalonitrile 
are produced through ammoxidation of m-xylene and p- 
xylene, respectively, and, through the subsequent hy- 
drogenation, isophthalonitrile and terephthalonitrile are 
converted into m-xylylenediamine and p-xylylenedi- 
amine, respectively. 

<Ammoxidation step> 

[0019] Since ammoxidation generates a large amount 
of heat of reaction, the reaction is preferably carried out 
in a vapor-phase fluidized manner so as to attain a uni- 
form temperature profile in the reactor. A catalyst con- 
taining an oxide of at least one metal selected from 
among vanadium, molybdenum, and iron is preferably 
used. In order to enhance the activity, strength, and life- 
time of the catalyst, the metal oxide is modified through 
addition of another metal oxide containing at least one 
element selected from the group consisting of Mg r Ca, 
Ba, La, Ti, Zr, Cr, W, Co, Ni, B, Al, Ge, Sn, Pb, P, Sb, Bi, 
Li, Na, K, Rb, and Cs. The resultant catalyst containing 
an oxide of a plurality of metals is represented by the 
following formula. 

(V) a (Mo) b (Fe) c (X) d (Y) e (0) f 

[0020] In the above formula, X represents at least one 
element selected from the group consisting of Mg, Ca, 
Ba, La, Ti, Zr, Cr, W, Co, and Ni; Y represents at least 
one element selected from the group consisting of B, Al, 
Ge, Sn, Pb, P, Sb, Li, Na, K, Rb, and Cs; a, b, c, d, and 
e represent atomic proportions; a = 0.01-1 (preferably 
0.1-0.7); b = 0.01-1 (preferably 0.05-0.7); c = 0-1; d = 
0-1 (preferably 0.05-0.7); e = 0-1 (preferably 0.05-0.7); 
and f represents the number of oxygen atoms contained 
in the above formula of the oxide composed of the afore- 
mentioned elements. 

[0021] The oxygen-containing gas to be used in am- 
moxidation is usually air, and oxygen-enriched air may 
also be used. A diluent such as nitrogen or carbon di- 
oxide gas may be used in combination. Oxygen is used 
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in an amount by mol of at least 1 .Stimes, preferably 2-50 
times, the amount by equivalent (in terms of methyl 
group) of xylene. When the amount of oxygen is less 
than the lower limit, the yield of a nitrile compound de- 
creases, whereas when the amount of oxygen exceeds 
the upper limit, space-time yield decreases. 
[0022] When ammoxidation is performed by use of air, 
the concentration of xylene contained in a raw material 
gas to be fed to the reactor is 0.2-10 vol.%, preferably 
0.5-5 vol.%. When the concentration exceeds the upper 
limit, the yield of a nitrile compound decreases, whereas 
when the concentration is less than the lower limit, 
space-time yield decreases. 

[0023] Ammonia of industrial grade can be used for 
ammoxidation. Ammonia is used in an amount by mol 
of 1 -1 0 times, preferably 3-7 times, the amount by equiv- 
alent (in terms of methyl group) of xylene. When the 
amount of ammonia is less than the lower limit, the yield 
of a nitrile compound decreases, whereas when the 
amount exceeds the upper limit, space-time yield de- 
creases. 

[0024] Ammoxidation is carried out preferably in a flu- 
idized-bed reactor, and a variety of fluidized-bed reac- 
tors can be used. Ammonia may be supplied to the re- 
actor in the form of a mixture with xylene, or ammonia 
and xylene may be supplied to the reactor separately. 
In an alternative scheme, ammonia and xylene are 
mixed with a portion of an oxygen-containing gas, and 
the resultant mixture is supplied to the reactor. 
[0025] The temperature of ammoxidation is 
300-500°C, preferably 330-470°C. When the reaction 
temperature is lower than the lower limit, percent con- 
version decreases, whereas when the reaction temper- 
ature exceeds the upper limit, the amount of by-products 
such as carbon dioxide gas and hydrogen cyanide in- 
creases, to thereby decrease the yield of a nitrile com- 
pound. Ammoxidation maybe carried out under ambient 
pressure, reduced pressure, or pressurized conditions, 
and a pressure of approximately ambient pressure to 
0.2 MPa is preferred. Although the time of contact be- 
tween the reaction gas and a catalyst varies in accord- 
ance with conditions such as the type of raw material, 
the mol ratio of the fed ammonia or oxygen-containing 
gas to the fed m-xylnene, and the reaction temperature, 
the contact time is usually 0.3-30 seconds. 
[0026] A gas produced in the ammoxidation reactor 
contains unreacted xylene, nitrile compounds such as 
phthalonitrile, ammonia, hydrogen cyanide, carbon di- 
oxide gas, steam, carbon monoxide, nitrogen, oxygen, 
and other substances. 

<Trapping step> 



[0027] In the subsequent trapping step, the produced 
gas is brought into contact with an organic solvent (A) 
in a phthalonitrile trapping apparatus, to thereby dis- 
solve phthalonitrile in the solvent, thereby separating 
the phthalonitrile from the produced gas. Preferably, the 



organic solvent (A) has a boiling point higher than that 
of xylene serving as a raw material, has high solubility 
to phthalonitrile, is inert to phthalonitrile, and does not 
have a functional group which is to be hydrogenated. 
5 When the boiling point of the organic solvent (A) is low, 
the amount of the solvent entrained by the remaining 
gas increases. 

[0028] Specific examples of the organic solvent (A) in- 
clude C6-C12 aromatic hydrocarbons such as toluene, 

10 m-xylene, p-xylene, mesitylene, pseudocumene, and 
tetramethylbenzene. Of these, mesitylene, pseu- 
documene, and a mixture thereof are preferably used. 
[0029] The phthalonitrile trapping apparatus is oper- 
ated under the conditions such that the temperature of 

15 a liquid phase portion is equal to or lower than the boiling 
point of the solution contained in the apparatus. The ap- 
paratus may be operated under ambient pressure, re- 
duced pressure, or pressurized conditions, but is usually 
operated at ambient pressure to the pressure of ammo- 

20 xidation. 

[0030] Ammonia, hydrogen cyanide, carbon dioxide 
gas, water, carbon monoxide, nitrogen, oxygen, etc. 
contained in the gas produced through ammoxidation 
are not absorbed in the organic solvent, and are dis- 
25 charged from the phthalonitrile trapping apparatus in the 
form of gas. 

[0031] Liquid ammonia is added to phthalonitrile ab- 
sorbed in the organic solvent (A) without separating the 
organic solvent (A), and the resultant mixture is subject- 
30 ed to subsequent hydroge nation. 

<Hydrogenation step> 

[0032] In the hydrogenation step, production of xy- 
35 lylenediamine through hydrogenation of phthalonitrile is 
preferably carried out by use of a catalyst predominantly 
containing nickel and/or cobalt. Hydrogenation of 
phthalonitrile in the presence of ammonia may be car- 
ried out by use of a platinum-group catalyst. However, 
40 when a platinum-group catalyst such as a ruthenium 
catalyst is used, nucleus hydrogenation of produced xy- 
lylenediamine and an aromatic hydrocarbon (e.g., mes- 
itylene or pseudocumene) serving as the organic sol- 
vent (A) proceeds, which is undesirable. Therefore, as 
45 in the case of the present invention, when the solvent 
for trapping phthalonitrile and contained in the gas pro- 
duced through ammoxidation is the same as the solvent 
used for hydrogenation, a catalyst predominantly con- 
taining nickel or cobalt is preferably used. 
so [0033] The composition of the raw material to be fed 
to a hydrogenation reactor is appropriately determined 
arbitrarily. When the concentration of phthalonitrile serv- 
ing as a reactant is lower and when the concentration 
of ammonia serving as a solvent is higher, the yield of 
55 xylylenediamine becomes higher. In order to attain sat- 
isfactory yield and productivity, the composition of the 
raw material is regulated through further addition of the 
organic solvent (A) or ammonia. The composition of the 
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raw material is preferably determined so as to attain the 
following compositional proportions: phthalonitrile (1-10 
wt.%), the organic solvent (A) (1-50 wt.%), and ammo- 
nia (20-97 wt.%). 

[0034] Hydrogenation may be carried out in a batch- 5 
type process or a continuous process. In a batch-type 
process, hydrogenation may be carried out in a tank re- 
actor in which the raw material is completely mixed with 
a powdery catalyst of a Raney metal such as nickel or 
cobalt, industrially, hydrogenation is carried out in a sim- 10 
pie manner through a method employing an trickle-type 
continuous reactor including a tubular reactor and a 
molded catalyst provided on a fixed bed, in which the 
raw material solution and hydrogen gas are fed in par- 
allel through the upper section of the reactor. *5 
[0035] A catalyst comprising nickel and/or cobalt sup- 
ported on a carrier is preferably used as a hydrogenation 
catalyst Examples of the carrier employed include dia- 
tomaceous earth, silicon oxide, alumina, silica-alumina, 
titanium oxide, zirconium oxide, and carbon. 20 
[0036] When a nickel catalyst is used as a hydrogen- 
ation catalyst, the reaction temperature is 60-1 30°C, 
and the reaction pressure is 4-1 5 MPa. 

<Separation step> 25 

[0037] A reaction mixture containing xylylenediamine 
is obtained through the aforementioned hydrogenation. 
Crude xylylenediamine can be obtained by separating 
ammonia, or by separating ammonia and the organic so 
solvent (A), from the reaction mixture. 
[0038] If the organic solvent (A) can be separated 
from the aqueous phase by adding water to the reaction 
mixture, a solvent of the same species as the organic 
solvent (A) may be employed as organic solvent (B) . 35 
When the organic solvent (A) is of the same species as 
the organic solvent (B), separation of the organic solvent 
(A) is unnecessary. 

[0039] Separation of ammonia or ammonia and or- 
ganic solvent (A) from the reaction mixture is preferably 
carried out through distillation. If necessary, a plurality 
of distillation columns may be used. The separated am- 
monia can be circulated and recycled in the a mm oxida- 
tion step or the hydrogenation step. The separated sol- 
vent can be circulated and recycled in the trapping step. 45 
When ammonia or organic solvent (A) is recycled, an 
additional purification step may be provided for purifying 
ammonia or organic solvent (A). 

<Extraction step> 50 

[0040] Crude xylylenediamine contains impurities 
which cannot be separated therefrom through distilla- 
tion. Water, or water and organic solvent (B) are added 
to the crude xylylenediamine, and the impurities are 55 
trapped in the organic solvent through extraction. Xy- 
lylenediamine is recovered in the aqueous phase. 
[0041] When only ammonia is separated in the sepa- 



ration step and a mixture of crude xylylenediamine and 
organic solvent (A) is supplied in the extraction step, or- 
ganic solvent (B) which is of the same species as the 
organic solvent (A) may further be added as an addi- 
tional organic solvent (A) in order to enhance extraction 
efficiency. Alternatively, organic solvent (B) which is of 
a species different from organic solvent (A) may be add- 
ed. When organic solvent (B) is of the same species as 
organic solvent (A), operation for separating the organic 
solvent is simplified in a xylylenediamine production ap- 
paratus. 

[0042] No particular limitation is placed on the organic 
solvent (B), so long as the solvent can be separated 
from the aqueous phase. Preferred examples of the or- 
ganic solvent (B) include C5-C12 aromatic hydrocar- 
bons, C5-C12 saturated aliphatic hydrocarbons, and 
C5-C12 saturated alicyclic hydrocarbons. Specific ex- 
amples include benzene, toluene, m-xylene, p-xylene, 
mesitylene, pseudocumene, hexane, and cyclohexane. 
These organic solvents (B) may be used singly or in 
combination of two or more species. Of these, xylene 
serving as a raw material (e.g., m-xylene in the case of 
production of m-xylylenediamine) is advantageously 
used, since the number of compounds employed is re- 
duced. 

[0043] The amount of the organic solvent (B) em- 
ployed is 0.01-1 00 parts by weight on the basis of 1 part 
by weight of the crude xylylenediamine. In consideration 
of extraction efficiency, the amount of the organic sol- 
vent (B) is preferably 0.2-10 parts by weight on the basis 
of 1 part by weight of crude xylylenediamine. 
[0044] Similar to the case of the organic solvent (B), 
the amount of water employed is 0.01-100 parts by 
weight, preferably 0.2-10 parts by weight, on the basis 
of 1 part by weight of crude xylylenediamine. 
[0045] The extraction temperature is not particularly 
limited, and extraction is carried out satisfactorily at 
room temperature. 

[0046] Extraction operation may be carried out re- 
peatedly. After the organic solvent phase containing im- 
purities has been separated from the aqueous phase, 
organic solvent (B) is added to the aqueous phase, and 
impurities are trapped in the solvent through extraction. 
By repeating such an operation, the purity of xylylene- 
diamine can be enhanced. 

<Recovery step> 

[0047] When the xylylenedia mine-containing aque- 
ous phase obtained in the extraction step is subjected 
to purification, xylylenediamine of high purity can be pro- 
duced. Purification can be carried out preferably through 
customary batch distillation or continuous distillation. 
[0048] The organic solvent (B) recovered from the or- 
ganic solvent phase can be recycled in the extraction 
step. When organic solvent (A) is not separated in the 
separation step, the organic solvent (A) is recovered in 
the recovery step, and the recovered solvent can be re- 
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cycled in the trapping step, 

[0049] The present invention will next be described in 
detail with reference to the drawing. Fig. 1 is a flow chart 
showing an embodiment of the method for producing xy- 
lylenediamine of the present invention. 
[0050] As shown in Fig. 1, in ammoxidation step A, 
air, ammonia, and xylene are fed to an ammoxidation 
reactor filled with a catalyst. A gas produced through 
ammoxidation contains unreacted xylene, nitrile com- 
pounds such as phthalonitrile, ammonia, hydrogen cy- 
anide, carbon dioxide gas, steam, carbon monoxide, ni- 
trogen, and oxygen. 

[0051] The produced gas is forwarded to trapping 
step B, and is brought into contact with organic solvent 
(A). Phthalonitrile is dissolved in the organic solvent (A), 
and separated from the produced gas. Ammonia, hydro- 
gen cyanide, carbon dioxide gas, steam, carbon mon- 
oxide, nitrogen, oxygen, etc. which have not been ab- 
sorbed in the solvent are discharged from the top of a 
trapping apparatus. The phthalonitrile absorbed in the 
organic solvent (A) is removed from the bottom of the 
trapping apparatus. Liquid ammonia is added to the re- 
moved phthalonitrile, and the resultant liquid is forward- 
ed to hydrogenation step C. 

[0052] In hydrogenation step C, the aforementioned 
phthalonitrile-dissolved liquid and hydrogen are fed to a 
hydrogenation reactor filled with a catalyst, and a reac- 
tion mixture containing xylylenediamine is discharged 
from the reactor. 

[0053] The reaction mixture is forwarded to separa- 
tion step D. In separation step D, organic solvent (A), 
ammonia, etc. are separated from the reaction mixture, 
to thereby yield crude xylylenediamine. 
[0054] An organic solvent (B) and water are added to 
the crude xylylenediamine, and the resultant mixture is 
forwarded to extraction step E. In extraction step E, im- 
purities are trapped in the organic solvent phase through 
extraction, and xylylenediamine is recovered in the 
aqueous phase. 

[0055] In recovery step F, xylylenediamine of high pu- 
rity is recovered from the aqueous phase through distil- 
lation. 

[0056] As described below in the Examples, accord- 
ing to the present invention, high amine yield is attained, 
since phthalonitrile is subjected to hydrogenation includ- 
ing direct addition of ammonia to the phthalonitrile which 
has been separated from a gas produced through am- 
moxidation and trapped in an organic solvent (A). 
[0057] According to the present invention, a process 
for producing xylylenediamine is greatly simplified, 
since phthalonitrile separated from a gas produced 
through ammoxidation is trapped in organic solvent (A), 
and ammonia is added to the phthalonitrile-trapped sol- 
vent, without subjecting to further treatment, so as to 
cause hydrogenation. In addition, generation of impuri- 
ties in the produced phthalonitrile, a decrease in yield 
of phthalonitrile, and generation of waste are not ob- 
served. Thus, xylylenediamine can be produced eco- 
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nomically advantageously through a simple, clean proc- 
ess. 

[0058] In the present invention, xylylenediamine of 
high purity is produced from crude xylylenediamine 
5 through extraction and distillation. Thus, a polymer of 
high quality can be synthesized from xylylenediamine 
produced through the method of the present invention. 

EXAMPLES 

10 

[0059] The present invention will next be described in 
more detail by way of Examples, which should not be 
construed as limiting the invention thereto. 
[0060] In the below-described Examples, analysis of 
15 the compositions of reaction products, extracts, or prod- 
ucts was carried out by means of gas chromatography. 

Preparation of ammoxidation catalyst> 

20 [0061] Vanadium pentoxide (V 2 0 5 ) (229 g) was add- 
ed to water (500 mL), to thereby yield a mixture, and an 
aliquot of oxalic acid (477 g) was added to the mixture 
with stirring at 80-90°C so as to dissolve the vanadium 
compound, to thereby yield a solution of vanadium 

25 oxalate. Another aliquot of oxalic acid (963 g) was added 
to water (400 mL), and the resultant mixture was heated 
to 50-60°C. To the mixture, a solution of chromic anhy- 
dride (Cr0 3 ) (252 g) in water (200 mL) was added under 
sufficient stirring so as to dissolve the components, to 

30 thereby yield a solution of chromium oxalate. The thus- 
yielded solutions were mixed at 50-60°C, to thereby pre- 
pare a V-Cr-containing solution. To the V-Cr-containing 
solution were added a solution of phosphomolybdicacid 
(H 3 (PMo 12 O 40 ) • 20H 2 O) (41.1 g) dissolved in water 

35 (100 mL), and a solution of potassium acetate 
(CH3COOK) (4.0 g) dissolved in water (100 mL). Sub- 
sequently, a 20 wt.% aqueous silica sol (containing 
Na 2 0 (0.02 wt.%)) (2,500 g) was added, to thereby form 
a slurry. 

40 [0062] Boric acid (H 3 B0 3 ) (78 g) was added to the 
slurry, and the resultant mixture was concentrated by 
heating until the liquid amount became approximately 
3,800 g. The thus-concentrated mixture containing cat- 
alyst components was dried by use of a spray drier while 

45 the inlet temperature and the outlet temperature were 
maintained at 250°C and 1 30°C, respectively. The dried 
mixture was further dried by means of a drier at 130°C 
for 12 hours, and the resultant mixture was fired at 
400°C for 0.5 hours and at 550°C for eight hours under 

50 air flow, to thereby obtain a catalyst to be used in a flu- 
idized process. The obtained catalyst was found to have 
atomic proportions of V : Cr : B: Mo : P : Na : K = 1 : 1 : 
0.5 : 0.086 : 0.007 : 0.009 : 0.020 and an effective cat- 
alyst component content of 50 wt.%. 

55 

Example 1 (ammoxidation step to hydrogenation step) 
[0063] Ammoxidation, trapping of phthalonitrile, and 
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hydrogenation were performed on the basis of the proc- 
ess flow shown in Fig. 1 . 

[0064] The catalyst (6 L) which had been prepared in 
the aforementioned manner was charged into ammoxi- 
dation reactor A. After air, m-xylene (MX), and ammonia 5 
had been mixed and preheated to 350°C, the resultant 
mixture was fed to the reactor. The following feed con- 
ditions were employed: an amount of fed MX of 350 g/ 
Hr; a mol ratio of NH 3 /MX of 1 1 ; a mol ratio of 0 2 /MX of 
5.4; and an SV of 630 Hr 1 . The temperature and pres- 10 
sure for reaction were 420°C and 0.2 MPa-G, respec- 
tively. 

[0065] The produced gas supplied from the top of the 
reactor was forwarded to trapping apparatus B. Pseu- 
documene serving as organic solvent (A) was fed to the is 
trapping apparatus, and the gas produced through am- 
moxidation was blown into a liquid phase contained in 
the trapping apparatus, which was maintained at 140°C. 
Isophthatonitrile was dissolved and absorbed in pseu- 
documene, and the resultant solution was removed from 20 
the bottom of the trapping apparatus. Gas components 
including carbon dioxide gas, ammonia, hydrogen cya- 
nide, carbon monoxide, nitrogen, oxygen, and steam 
were removed from the top of the trapping apparatus. 
[0066] Liquid ammonia was added to the isophthalo- 25 
nitrile-containing pseudocumene solution removed from 
the bottom of the trapping apparatus B, and the resultant 
solution was employed as a raw material for hydrogen- 
ation. The proportions of isophthalonitrile/pseu- 
documene/ammonia in the solution were 6/25/69 by 30 
weight. 

[0067] An Ni/diatomaceous earth catalyst (Ni content: 
50 wt.%) (5 kg) was charged into vertical tubular hydro- 
genation reactor C (volume: 4 L). Through the upper 
section of the reactor, a raw material containing isoph- 35 
thalonitrile, pseudocumene, and ammonia was fed at a 
rate of 6 kg/hr. Hydrogen was fed through the upper sec- 
tion of the reactor in parallel with the raw material, and 
hydrogenation was carried out at a reaction pressure of 
12MPaandat90°C. 40 
[0068] Through hydrogenation, the yield of m-xylylen- 
ediamine was 92% on the basis of isophthalonitrile. 

Example 2 

45 

[0069] The procedure of Example 1 was repeated , ex- 
cept that mesitylene was used as organic solvent (A) for 
trapping isophthalonitrile, 50 wt.%-Co/diatomaceous 
earth was used as a hydrogenation catalyst, and the re- 
action temperature was changed to 1 20°C. Through hy- so 
drogenation, the yield of m-xylylenediamine was 94% 
on the basis of isophthalonitrile. 

Example 3 

55 

[0070] The procedure of Example 1 was repeated, ex- 
cept that p-xylene was used as a raw material for am- 
moxidation, pseudocumene was used as organic sol- 



vent (A) for trapping the resultant terephthalonitrile, and 
50 wt.%-Ni/diatomaceous earth was used as a hydro- 
genation catalyst. Through hydrogenation, the yield of 
p-xylylenediamine was 92% on the basis of terephthalo- 
nitrile. 

Example 4 (separation step to recovery step) 

[0071] Trapping solvent (A) (i.e., pseudocumene) and 
ammonia were separated, through distillation, from the 
hydrogenation reaction mixture obtained in Example 1, 
and the resultant mixture was further subjected to dis- 
tillation, to thereby remove low-boiling-point by-prod- 
ucts and high-boiling-point by-products, yielding crude 
m-xylylenediamine. 

[0072] The thus-yielded crude m-xylylenediamine 
was found to contain, as impurities, methylbenzylamine 
(200 ppm), dimethylbenzyl alcohol derived from the sol- 
vent (A) (1,500 ppm), and unknown high- and low-boil- 
ing-point components (300 ppm). 
[0073] To the crude m-xylylenediamine, m-xylene 
serving as extraction solvent (B) (1 kg) and water (1 kg) 
were added at room temperature, and the resultant mix- 
ture was stirred. After the mixture was allowed to stand, 
an m-xylene phase was separated from the mixture 
through extraction. 

[0074] This extraction operation was carried out four 
times, and an aqueous phase containing m-xylylenedi- 
amine was obtained. 

[0075] The m-xylylenediamine-containing aqueous 
phase was subjected to batch distillation, to thereby re- 
move water, and subsequently a portion of an initial dis- 
tillate was removed, to thereby yield m-xylylenediamine 
of high purity. The m-xylylenediamine had a purity of 
99.99 wt.%, and was found to contain methylben- 
zylamine (31 ppm), unknown high- and low-boiling-point 
components (10 ppm or less), and no dimethylbenzyl 
alcohol. 

Example 5 (separation step to recovery step) 

[0076] Only ammonia was separated, through distil- 
lation, from the hydrogenation reaction mixture obtained 
in Example 1. Water (1 kg) was added to the resultant 
mixture (5 kg) containing crude m-xylylenediamine and 
solvent (A) (i.e., pseudocumene) at room temperature, 
with stirring. After the mixture was allowed to stand, a 
pseudocumene phase was separated from the mixture 
through extraction. 

[0077] Pseudocumene (1 kg) was further added to the 
resultant aqueous phase containing m-xylylenedi- 
amine, and stirred. After the mixture was allowed to 
stand, a pseudocumene phase was separated from the 
mixture through extraction. 

[0078] The m-xylylenediamine-containing aqueous 
phase obtained through four times repetitions of extrac- 
tion operations was subjected to batch distillation, to 
thereby remove water, and subsequently a portion of an 
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initial distillate was removed, to thereby yield m-xylylen- 
ediamine of high purity. The m-xylylenediamine had a 
purity of 99.99 wt.%, and was found to contain methyl- 
benzylamine (48 ppm), unknown high- and low-boiling- 
point components (10 ppm or less), and no dimethyl- 
benzyl alcohol. 



Claims 

1. A method for producing xylylenediamine by hydro- 
genating phthalonitrile synthesized through ammo- 
xidation of xylene, characterized by comprising: 

(1) an ammoxidation step for producing 
phthalonitrile by causing xylene to react in a va- 
por-solid catalytic manner with ammonia and 
an oxygen-containing gas, to thereby cause 
ammoxidation; 

(2) a trapping step for trapping phthalonitrile in 
an organic solvent (A) by bringing a gas pro- 
duced through ammoxidation into direct con- 
tact with the organic solvent (A); and 

(3) a hydrogenation step for carrying out hydro- 
genation including adding liquid ammonia to 
phthalonitrile without separating the phthaloni- 
trile trapped in the organic solvent (A) , 

2. A method for producing xylylenediamine according 
to claim 1, wherein ammoxidation of xylene is car- 
ried out in the presence of a fluidized catalyst con- 
taining a metal oxide, the metal being at least one 
element selected from vanadium, molybdenum, 
and iron. 

3. A method for producing xylylenediamine according 
to claim 1 or 2, wherein the organic solvent (A) used 
in the trapping step is a C6-C12 aromatic hydrocar- 
bon. 

4. A method for producing xylylenediamine according 
to claim 3, wherein the organic solvent (A) used in 
the trapping step is mesitylene and/or pseu- 
documene. 

5. A method for producing xylylenediamine according 
to any one of claims 1 through 4, wherein a nickel 
catalyst and/or a cobalt catalyst is employed in the 
hydrogenation step. 

6. A method for producing xylylenediamine according 
to any one of claims 1 through 5, further comprising: 

(4) a separation step for separating ammonia 
and the organic solvent (A) or ammonia from a 
hydrogenation product, to thereby obtain crude 
xylylenediamine; 

(5) an extraction step for adding to the crude 



xylylenediamine water, or water and an organic 
solvent (B) t to thereby separate the resultant 
mixture into an organic solvent phase and an 
aqueous phase; and 
5 (6) a recovery step for recovering xylylenedi- 

amine of high purity from the aqueous phase 
which has been separated through extraction. 

7. A method for producing xylylenediamine according 
10 to claim 6, wherein the organic solvent (B) used in 

the extraction step is at least one compound select- 
ed from among C5-C12 aromatic hydrocarbons, 
saturated aliphatic hydrocarbons, and saturated al- 
i cyclic hydrocarbons. 

15 

8. A method for producing xylylenediamine according 
to claim 6 or 7, wherein the organic solvent (B) used 
in the extraction step is xylene of a species same 
as that used as a raw material. 

20 

9. A method for producing xylylenediamine according 
to any one of claims 6 through 8, wherein only am- 
monia is separated in the separation step, and the 
organic solvent (B) used in the extraction step is a 

25 species similar to the organic solvent (A) used in 
the trapping step. 
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